A routine method for the quantitation of plasma progesterone, using only 1 ml of sample, has been developed based on gas chromatography-nitrogen detection of the O-methyloxime derivative. Simple solvent extraction of progesterone from plasma using cyclohexane as solvent
and medrogestone as internal standard allows measurement at the 3 nmol/l level, while the coefficient of variation at 16,64, and 127 nmol/l progesterone is 14, 7,5, and 6'5% respectively. Comparison with a radioimmunoassay gave a linear regression equation of Y = 0-84 x + 1,4, SYX = 7-8, r = 0·9255 (n = 55). PROCEDURE To plasma (1 rnl) was added medrogestone (148 pmol), water (0,5 ml), and sodium hydroxide (aqueous, 0·5 ml, 2·5 M), followed by vortexing (30 s) and equilibration (0' 5 h). After addition of cyclohexane (4 ml) the mixture was shaken by hand 84 Measurement of plasma progesterone is clinically relevant in the assessment of both female infertility and placental function. In a normal menstrual cycle and in pregnancy, levels range from 3 to 96 and from 38 to 478 nrnol/l, respectively. ' Previously, progesterone has been quantitated in plasma by a variety of techniques including gas chromatcgraphy-c-electron capture, competitive binding immunoassay, and radio immunoassay.s The limitations of these latter methods are reviewed by Wehner and Handke.s
Recently, several researchers have reported that O-methoxime derivatives of keto-steroids can be selectively detected by employing gas chromatography (GC) in combination with a nitrogen detector (GC-ND).~5 These studies, however, were restricted mainly to qualitative analyses of urinary steroids. In this paper we have investigated this concept in detail and report a quantitative assay for plasma progesterone based on GC-ND of its nitrogen derivative.
Methods

INSTR UMENTA TION
Gas chromatography was performed with a Perkin-Elmer Sigma 3 GC fitted with a rubidium bead nitrogen-phosphorus detector. The chromatographic column (glass, 2 m x 2 mm id) was filled with 1% OV-101 on Chromasorb Q(100/120mesh) adsorbent. The operating conditions were as follows: column temp 240°; injector temp 2450; detector temp 245°; ·Correspondence and reprint requests to GP. bead setting, 372; H 2 pressure 16 psi; O 2 pressure 30 psi; column flow (N 2 ) 25 ml/min: chart speed 2·5 rum/min: injection vol 1 fl.!' Chromatograms were recorded using a Hewlett-Packard 3380A integrator. Quantitation was based on peak-height measurements. REAGENTS Steroids, unless otherwise indicated, were purchased from Steraloids Inc (Wilton, NH, USA). Medrogestone (6,17cc-dimethyl-4,6-pregnadiene-3,20-dione) was supplied by Ayerst Lab (New York, NY, USA).
The O-methyloxime derivative of progesterone was prepared in the usual manner" and recrystallised from methanol to give crystals with a melting point of 128-130°. 16a.-ethyl and 16cc-propyl-4pregnene-3,20-dione were synthesised by conjugate additions to 3~-hydroxy-5, 16-pregnadien-20-one 7 followed by Oppenauer oxidation." Methoxyamine hydrochloride (Eastman Organic Chemicals, Rochester, NY, USA) was fractionally crystallised twice from absolute ethanol and stored in a dark airtight container under nitrogen. N,N-dimethylhydrazine (Aldrich Chern Co) was redistilled before use. Cyclohexane was purified, as described by Vogel,9 and absolute ethanol was twice redistilled. ·Conditions as described in the text. tHroad peak, due to partial separation of oyn/anti isomers.
Relative retention times 0/ steroids and steroid
Ovnethylaximes (2 min) to avoid emulsification and the aqueous layer was aspirated off; water (0' 5 ml) was added once more and shaking was continued for a further 2 min. The organic layer was then removed dried (anhyd Na 2SO,), and evaporated to dryn~s. A solution of methoxyamine hydrochloride in absolute ethanol (0'05 rnl, 2 rng/ml, w/v) was added, followed by heating at 60 0 for 1 h and then evaporation to dryness. The residue was extracted with a mixture of cyclohexane (0' 5 ml) and sodium bicarbonate (aqueous, 0'05 ml, 10% w/v), the cyclohexane layer removed, evaporated, and the sample was reconstituted in cyclohexane (0'005 ml) for injection on theGC-ND.
Results and discussion
Since the absolute response of a compound to the nitrogen detector is usually related to the number of nitrogen atoms present.l" we first attempted to prepare the N,N-dimethylhydrazone of progesterone as previously cited.ll This was quite unsuccessful, as were further extensive studies aimed at preparation of this particular derivative (I A Blair, D W Johnson, and G Phillipou, unpublished observations).
Derivatisation of progesterone to its O-methyloxime" proceeded efficiently; however, GC-ND analysis showed the chromatogram to have a wide solvent front and several extraneous peaks, which were also present in the blank. Substitution of absolute ethanol for pyridine as the reaction solvent overcame the 'solvent front' problem, while purification of the reagent and substantial lowering of its concentration decreased the intensity and occurrence of 'spurious' peaks.
Using pure standards, the relative response between progesterone and its O-methyloxime at the nitrogen detector was estimated at approximately 1: 500; the relative response between cholesterol, a common plasma constituent, and the O-methyloxime of progesterone was found to be > 1: 700.
The minimum detectable limit of the O-methyloxime of progesterone was found to be approximately 0·32 pmol injected.
The relative retention times of a number of steroids and steroid O-methyloximes with respect to the O-methyloxime of progesterone are listed in Table 1 . Progesterone may be metabolised to either SOt or 5~-pregnane-3,2o-dione; the former is normally found in plasma I 2 ,I 3 while the latter is almost exclusively excreted into the urine. From the data in the Table several compounds, especially medrogestone and 16Ot-ethyl-progesterone, appear to be suitable internal standards for quantitation. After investiga-tion it was found that the derivatisation of 16Otethyl-progesterone led to variable yields of its O-methyloxime (similarly for the 16ot-propyl homologue), and hence reproducible quantitative results could not be achieved. Steric hindrance at C20 due to the 16ot-alkylgroup is tentatively proposed as the reason, since it is known that a 17ee-acetoxy-Ztl-nne steroid will not form an O-methyloxime while the respective 17ot-hydroxy-2o-one will. These latter problems were not noted in the derivatisation of medrogestone, which was therefore selected as the internal standard.
Using a constant amount of medrogestone (303 pmol) as internal standard, progesterone at levels of 15'9, 31'8,47'8, 63'7, 79'6, and 95·5 pmol was added, and after derivatisation the six individual peak height ratios relative to medrogestone were determined. In a similar experiment exactly the same quantities were used but the steroid standards were extracted from plasma before derivatisation and quantitation by GC-ND. Comparison of the results using a paired t test established no significant difference (t = 0,159, p>0·5). It may therefore be concluded that progesterone and medrogestone have similar partition coefficients and are extracted in equal efficiency from plasma. Further work, however, has established that the present procedure has difficulty in extracting progesterone levels >190 nmol/l, which sometimes occur in late pregnancy. To obviate this potential problem, smaller quantities of plasma are taken to ensure that the progesterone level is < 130 pmol in the sample. Calibration curves routinely employed encompass the range 3· 2-96 pmol progesterone/ 150 pmol medrogestone for 11 different levels of progesterone. A composite curve based on the results of such calibrations on four different occasions gave a linear regression equation (Peak height ratio) = 2·07 X 10-2 (progesterone) + 8 X 10-3 Syx = 0'12; r = 0·9781.
Repeated analysis of blank plasma 'spiked' with 16, 64, and 127 nmoljl progesterone gave values of (X ± SO) 14'5 ± 2'1 (n = 5), 68 ± 5·1 (n = 4), and 131 ± 8·6 nrnol/l (n = 3) respectively. Typical GC-NO chromatograms for the procedure are illustrated in Figure I . • While a simple solvent extraction procedure was finally chosen to isolate progesterone from plasma, other methods that were attempted but realised no greater improvements included TLC of the solvent extract, chromatography of the O-methyloximes on Amberlyst A-15,a and prior reaction of plasma with oxalyl chloride.P Comparison of the present GC-NO assay with an alternate radioimmunoassay used routinely in these laboratories gave a correlation coefficient of 0'9255 (p<O'OOI, n = 55) and a linear regression equation of (RIA) = O'846 (GC-NO) + 1· 37, SYX = 7· 8. The range of values is indicated in Figure 2 .
In conclusion, it is apparent that the described assay fulfills the requirements of a routine method for the quantitation of plasma progesterone with a number of advantages which include (a) minimal amount of plasma (1 ml) in comparison to alternate non-RIA methods, (b) rapid processing of samples for results (approx 3 h), and (c) good sensitivity and specificity.
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